ABSTRACT -To estimate nutrient and energy digestion with animal from in vitro variables it is necessary to control factors that may interfere on digestion such as: source and concentration of digestor substance, as well as the origin and processing of test ingredients. In this study there were performed five laboratory assays, two with poultry and finally regression equations were established based on variables generated with twelve vegetable ingredients. The results showed that there is greater solubility of proteins with NaOH than with KOH. On average, both alkali produced better discrimination of soluble protein with concentration of 0.02% (range of 68.61%) in relation to a concentration of 0.2% (range of 37.97%). Considering interaction between alkali and concentration, the best discrimination on protein solubility was reached with NaOH at 0.02%. The methods of protein or fiber solubilization together with the chemical analysis showed significant results variation among ingredients and when they were used to estimate in vivo variables they produced good estimates. It was concluded that reliable digestion estimates for energy or amino acids from vegetable feed ingredients could be obtained from in vitro variables, when considering solubilities of protein and fiber with chemical analysis.
Introduction
Many times the difficulty in estimating the in vitro nutrients and energy digestion is associated with the misunderstanding in knowing or controlling the factors which interfere with the digestion, such as the protein source (Johnson, 1992) , the enzymatic concentration (Johnston & Coon, 1979; Parsons et al., 1997) , the enzyme and the pH (Cone, 1993) , as well as the processing to what the ingredients were submitted (Bellaver et al., 2001) . The in vivo variables and the relationship with those in vitro has been studied over one decade as it is described by Bellaver et al. (1991) , Boisen & Fernandez (1995) , Bellaver et al. (1997) and Boisen & Fernandez (1997) . The in vitro protein solubility paradigm for vegetable origin ingredients is the nitrogen solubility in KOH 0.2%, being this alkali and the concentration recommended by Pomeranz R. Bras. Zootec., v.33, n.6, p.2274-2282, 2004 (Supl. 3) BELLAVER et al. and Lindner (1960) and AOAC (1995) . Based on the information obtained by Parsons et al. (1997) and Bellaver et al. (2000) it is known that the digestor substance concentration must be smaller than the originally recommended by AOAC (1995) for animal origin meals and also that the enzymatic method could be used to vegetable ingredients. Soybean meal has been analyzed more frequently than the rest of vegetable ingredients for the digestion in KOH. However, other methodology proposed by Prosky et al. (1992) is more useful in the establishment of relationships among in vivo and in vitro variables. This method uses three enzymes in the routine, having been found that the total dietary fiber (TDF) introduces high repeatability and that the used vegetable species show significant differences regarding TDF contents. Thus, the goal of this paper was to obtain chemical data, protein and fiber solubility of the vegetable ingredients and to relate them with the obtained in vivo values for the same ingredients.
Material and Methods
The methodology used in this work consisted of five in vitro assays, two in vivo and a regression analysis involving the in vitro and in vivo variables of a set of vegetable origin ingredients. Statistical analyses were carried out using the procedures described in the SAS program (2001) . The assays are described as follow.
Assay 1 -Determination of the ingredients chemical composition
The twelve analyzed ingredients were: 1) corn gluten meal -21% crude protein (21 CP), 2) soybean meal -46% crude protein (46 CP), 3) corn gluten meal -11% crude protein (11 CP), 4) citric pulp, 5) corn gluten meal -60% crude protein (60 CP), 6) cotton seed meal -28% crude protein (28 CP), 7) wheat bran, 8) soybean meal -48% crude protein (48 CP), 9) corn gluten meal -10% crude protein (10 CP), 10) soybean hulls, 11) corn and 12) canola meal. These ingredients were submitted to lab analyses determination for dry matter (DM), gross energy (GE), crude protein (CP), ether extract (EE), mineral matter (MM), crude fiber (CF), acid detergent fiber (ADF), neutral detergent fiber (NDF), calcium (CA), phosphorus (P), copper (Cu), iron (Fe), manganese (Mn), zinc (Zn), potassium (K) and amino acid (AA). The methods used for the accomplishment of these determinations have been described by AOAC (1995) .
Assay 2 -Test of protein solubilization in alkalis with different concentration
These tests were used to determine the in vitro protein solubility using two alkalis (NaOH and KOH), two alkali concentrations (0.2 and 0.02%) and four ingredients (two soybean meals, micronized and protein isolated soya meals). The experimental design was the completely randomized, with 16 treatments, in factorial structure 2 x 2 x 4 (two alkalis, two concentrations and four ingredients), with six replications of each treatment. The grinding and treatment of the ingredients were accomplished according to the procedures established by Araba & Dale (1990) . The procedure used to solubilize the protein was established according to the Brazilian Compendium of Animal Feeding (1998) considering alkali and respective concentration variations.
Assay 3 -Protein vegetable ingredient solubility determination with alkalis
This assay was carried out with twelve vegetable ingredients and two alkalis. The studied ingredients were the same of the assay 1. The analysis using protein solubility method was the same described by the Brazilian Compendium of Animal Feeding (1998), having the digesting substances KOH in the concentration of 0.2% and NaOH in the concentration of 0.02%. KOH at 0.2% was used as a standard procedure (Pomeranz & Lindner, 1960) and NaOH at 0.02%, for being an alkali and at a concentration that allow a larger solubilization of the proteins, as indicated in the assay 2. The experimental design was the completely randomized, with factorial structure 12 x 2 (twelve ingredients x two alkalis), with four replications.
Assay 4 -Protein vegetable ingredient solubility determination with pepsin
This assay was completed with the same assay ingredients described on assay 1. The methodology adopted for solubilization of the protein in pepsin was that employed by Bellaver et al. (2000) , and the used pepsin concentrations equivalent to 0.02%, 0.002% and 0.0002%. The experimental design was the completely randomized with factorial structure 12 x 3 (twelve ingredients x three pepsin concentrations) with four replicates.
Assay 5 -Total dietary fiber determination (TDF) of vegetable ingredients
This assay was conducted with the same twelve ingredients studied on assay 1. The method used to determine TDF was enzyme/weighing, according to Prosky et al. (1992) . The ingredient samples were previously dried at 105°C, grounded to obtain smaller particles than 0.5 mm and degreased. This method is based in gelatinization of the sample with Thermamyl (stable alpha-amilase to the warmth), followed by enzymatic digestion with protease and amiloglicosidase to remove proteins and starch. The experimental design was the completely randomized with twelve ingredients and six replications.
Assay 6 -Amino acid digestibility coefficient determination
This experiment was performed in the metabolism room of Embrapa Swine and Poultry National Center, Brazil, where the roosters were allocated in individual cages and maintained in an environment with natural and /or artificial light for periods of 18 hours/day. The temperature was maintained in the thermal neutrality zone. The ingredients of the amino acid metabolizable determination were the same of the assay 1 and the forced feeding method of Sibbald (1979) was used, with the adaptation of Parsons (1985b) for cecotomized adult roosters (2,3±0,2 kg). The formula used to calculations was that given by Parsons (1985a) . The experimental design was the completely randomized with twelve ingredients plus the control treatment (starvation), with four replications of one rooster per experimental unit. At the beginning of the assay, the roosters were maintained in fasting for a period of 36 hours, in order to empty the digestive content. Then they were forced to ingest 30 g of the ingredient in test, all at once, through a funnel introduced inside the crop, placed way intra-esophagus. After the roosters' feeding, excretas were collected twice a day from the plastic trays continuously placed for a period of 48 hours under the cages. At the same time four roosters were maintained with no feed in order to collect and calculate the endogenous and metabolic losses. The material, after collected, was weighed, identified, placed in plastic bags, and frozen until the final collection. Thus, the material was defrosted, homogenized and placed in the freeze drier for dehydration and posterior determination of DM, N and amino acids according with the methodologies described by AOAC (1995) .
Assay 7 -Determination of apparent metabolizable energy N corrected
This experiment was carried out with broiler chicks, using excretas total collection method, as proposed by Hill & Anderson (1958) , described by Albino (1992) . Broilers, 780, were distributed in blocks at random, with 13 treatments (the same twelve previous assays ingredients and one more reference diet), with six replications of ten birds each (five males and five females). Broilers were in experimental period with 15 days of age and maintained during 9 days, being four days for adaptation and five days for the collection of total excreta. Test ingredients were included at 40% in a reference diet. General care with the birds' hygiene and health were adopted, keeping the environment on the thermal comfort zone.
Regression analyses -Analyses between apparent metabolizable energy N corrected (AMEn) and the amino acid digestibility coefficients, with the in vitro variables.
Among all the in vitro variables for the same twelve ingredients, 13 were selected and correlated with values obtained by the in vivo assays. The in vitro variables involved in the estimates were: mineral matter (MM), ether extract (EE), crude protein (CP), crude fiber (CF), acid detergent fiber (ADF), neutral detergent fiber (NDF), gross energy (GE), total dietary fiber (TDF), solubility in KOH 0.2% (KOH), solubility in NaOH 0.02% (NaOH), digestibility/solubility in pepsin 0.02% (DPP02), digestibility/solubility in pepsin 0.002% (DPP002), digestibility/solubility in pepsin 0.0002% (DPP0002). These variables were combined up to six parameters (intercept + 5 in vitro variables) in the equation, once this number was the parameters limit in function of observations number (twelve ingredients) used in the study. For each answer variable (metabolizable energy and digestibility coefficients of ten amino acids) 2.379 equations were calculated for each variable. The selection of the more important equations was based on the larger correlation (R 2 best fitting to the model parameters), and it was done in combination with the ones that had introduced the minimal error on the estimation.
Results and Discussion
The results of chemical composition and total amino acid analyses of the studied ingredients (assay 1) are shown in Tables 1 to 3 . The protein solubility values in alkali are displayed in Table 4 and the solubility statistics in Table 5 . These results showed higher protein solubility with KOH 0.2% or NaOH 0.2% as used by Pomeranz & Lindner (1960) .
However, the variance analysis revealed that there were differences in the solubility due to protein sources (P<0.001), alkalis (P=0.025), concentration of alkalis (P<0.001) and also due to the interaction between the last factors (P=0.054), which is presented in Table 5 . The solubility averages were calculated with their deviations and amplitude, assuming that the biggest difference of solubility can better characterize the differences between samples, when related with in vivo values, like protein solubility in pepsin (Bellaver et al., 2000) . In this assay it was observed that the better protein solubility was obtained with NaOH (57.56%) than with KOH (54.02%) and that in the average from both alkalis the concentration of 0.02% allows larger discrimination in the proteins solubility (difference of 68.61%) in respect to 0.2% (37.97 %). Considering the existing interaction between alkalis and concentrations, the best discrimination was obtained with NaOH to 0.02%.
The results of protein solubility under these conditions for the twelve vegetable ingredients are displayed in Table 6 . Also the table shows the pepsin digestibility values for three enzyme concentrations (0.2, 0.02 and 0.002%). The results of total dietary fiber determination (TDF) of the twelve ingredients are exhibited in Table 7 .
As it is observed by the analyzes of the ingredients composition, the acid detergent fiber (ADF) oscillated between 5.26 and 50.69%, showing substantial variation in the chemical composition of these ingredients like shown in Tables 1 to 3. The total dietary fiber variation (TDF) gave even larger difference between tested ingredients (6.06 -77.65%). The in vitro assay in alkali (NaOH 0.02% and KOH 0.2%) and the solubility of the N through the digestibility in pepsin with different concentrations also presented a considerable variation among the ingredients (Table 6 ).
The results of amino acid digestibility coefficients for each ingredient were calculated and shown in Table 8 . The apparent metabolizable energy corrected for nitrogen (AMEn) is shown in Table 9 . These values are similar to the conventional digestibility values shown in known animal nutrition tables.
The obtained in vitro variables were correlated with AMEn values and with the in vivo amino acid digestibility coefficients and are displayed in Table 10 . These results are consistent and facilitated the prediction equations adjustment shown in Table 10 . Eliminating R 2 fittings for values lower than 80%, R 2 averages values for all the equations were close to 88% and the value estimated average error prediction is situated at 2,95% which encourages additional work on this line. This demonstrates that all the equations except the ones with R 2 values lower than 80% represent good to excellent estimates.
In the table of equations the AMEn can be better estimated by an equation that considers the variables TDF, ADF, MM and NaOH. An interesting and important fact is that TDF enters in the formulation of all the equations for AMEn. In general CF or TDF also entered in the digestibility prediction equations of AA. This means that these in vitro variables are essential for AMEn estimates and for the digestibility coefficients of the AA. The lysine digestibility coefficient can be estimated with CF, ADF, CP and DPP02 with a R2 fitting of 95.70% and average error in the estimate close to 2.75%. Threonine presented a very poor fitting and is not reliable in the estimation by any of the studied equations, being unknown the reason for the failure.
These data allow the improvement of the tables for the amino acid ingredients composition and digestibility. The literature support other predicting methods with alkali to estimate soya quality but actually the methods studied in this paper, as well as, TDF and DPP also are very useful and should be better known for vegetable ingredients.
Due to the promising results found in this work, a continuous research line is expected in this area because it means quickness in the estimates for amino acid and metabolizable energy digestibility, with lower cost and acceptable reliability. With that it is confirmed the hypothesis that it is possible to estimate the metabolizable energy and amino acid digestibility of vegetables and this result has a great value in the animal feed production systems.
Conclusions
The highest protein solubility was obtained with NaOH and solubility best discrimination occurred in the concentration of 0.02%.
Protein solubility in pepsin and the total dietary fiber introduced considerable and necessary variation among the vegetable samples to use in prediction equations. Metabolizable energy N corrected can be estimated by one equation that considers the variables total dietary fiber, acid detergent fiber, mineral matter and the solubility in NaOH.
Total dietary fiber enters in the formulation of all the equations for the metabolizable energy estimation.
In general, the crude fiber or the total dietary fiber enter in the amino acid digestibility prediction estimates.
The amino acid and energy digestibilities estimates produced high determination coefficients, except for threonine and leucine. 
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